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FEEDING PATTERNS OF MOSQUITOES COLLECTED IN THE
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. 
4BSTRAqT. Mosquitoes w-erecollected with light traps baited with dry ice at 16 locations in Senegaldurrng the rainy season oj 
-t!88. Of 6-21055 mosquitoes identified, l,3U (2.2%), representing 2b speclesin 4 genera, were bloodfed. Mosquito bloodmealJwere-sc_ree-ned by enzyme-linked irnrn""o.o-"U"."1-u.r"y
against antisera to humans, bovines, goats, sheep and chickens. bvetall, SVo of the bloodmeals testei
were identified. Bloodneals froln 5 species of Citer mosquitoes comprised 82% ofttre number tested-C_ul,ex ante-nnatus (36.6%) and Cr. tritreninrhynrus (33.5%) were the most afu"aant. eii Cule; ;";;t;
those of the Cx. uniuittaf,us- $oup fed most often or_r hul,ans. Aedes species fed almost equally on ili
mammals tested, while species of Anoplwbs prefened, cattle over humans, goats and sheep. 
'
INTRODUCTION
During October 1987, a major epizootic and
epidemic of Rift Valley fever (RVF) was docu-
mented in the Senegal River basin, centered
around the town of Rosso in southern Mauri-
tania. Tbo hundred eighty-four human cases
were identifred by virus isolation and serology,
and estimates of total human involvement ex-
ceeded 1,000 cases (Jouan et al. 1988). Antibody
prevalence among domestic animals in the
Rosso area was as high as 85% (Ksiazek et al.
1989). The magnitude of this outbreak generated
intense interest for follow-up studies during the
rainy season of 1988 to assess the potential for
continued RVF viral activity in the region.
During August and September 1988, an arbov-
irus survey was conducted in the Senegal River
basin to look for evidence of RVF viral activitv
in mosquitoes. In conjunction with this survey,
all blood-engorged mosquitoes collected were ex-
amined by enzymeJinked immunosorbent assay(ELISA) to determine the source of the blood-
meal. Identification of arthropod bloodmeals is
an important aspect in the determination of
vector potential and the study of arboviral ecol-
ogy. By determining mosquito host selection
patterns (Boreham and Garrett-Jones 1973) in
the Senegal Riverbasin, we hoped to understand
better the ecology of RVF viral transmission in
the area.
MATERIALS AND METHODS
Stu.dy area: The majority of mosquitoes ex-
amined were collected in Senegal from 12 loca-
tions in the Senegal River basin (Fig. 1). Four
additional sites, Dahra and Yonofere (Fig. 2) in
the Ferlo region, Dakar on the Atlantic coast,
I Walter Reed Army Institute of Research, Wash-
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and Kedougou in southeastern Senegal, yielded
small numbers of specimens. The vegetativepat-
tern in the Senegal River basin can be catego-
rized as Sahelian to Sudano-Sahelian savannah,
dominated by annual grasses and widely dis-
persed trees, particularly Acacia spp. and Conz-
bretocae spp. (T\rcker et al. 1985). The Ferlo
region is classifred as a shrub pseudo-steppe to
shrub savannah and is primarily used for raising
livestock (Stanicioff et al. 1986). In this area
there is little to no ground cover in the dry
season (Fig. 3A); however, heavy rains during
relatively wet years can produce ephemeral veg-
etation reaching more than 1 m in height as
shown in Figs. 38, C. Rainfall occurs primarily
during the months of July through October and
ranges from 2fi) to 600 mm annually. The av-
erage length ofthe rainy season varies from 5.5
months for Kedougou to 2 months in the lower
Senegal River (Dakar Bango, Ndialene, Rhor).
The domestic animals most frequently encoun-
tered at the collection sites included cattle,
sheep, goats and chickens. Few wild verbebrates
were observed in the area with the exception of
birds, hares, lizards and rodents.
Mosquito collcctinns: Mosquitoes were col-
lectcd between August 1 and September 23,
1988, with solid-state U.S. Army miniature light
traps (John W. Hock, Co., Gainesville, FL)
baited with 0.5 kg dry ice. Five to 7 light traps
were set at each collection site and generally
placed near dwellings, livestock corrals and'pos-
sible mosquito emergence sites. Traps were sus-
pended 1-2 m above ground in trees or from
metal standards. Mosquitoes were frozen in liq-
uid nitrogen in the field and stored at -70"C
prior to identification in the laboratory. After
identifrcation, blooded abdomens were removed
with a scalpel, placed in round-bottom,96-well
polystyrene plates and stored at -70'C for the
ELISA.
Preparatinn of mosquito samples: A modifica-
tion of the method of Beier et al. (1988) was
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used. Blooded abdomens were triturated individ-
ually in 50 pl of 0.01 M phosphate-buffered
saline (PBS),pH 7.4, in U-shaped, 96-well pol-
ystyrene plates. After trituration, an additional
50 pl of PBS was added to each well (1:2 dilu-
tion), bringing the total volume to 100 pl. The
plates were covered with cellophane and stored
at -70"C until tested.
ELISA reagents: Species-specific, horseradish
peroxidase-labeled antibody conjugates (anti
IgG, H+L) were purchased from Kirkegaard
and Perry Laboratories, Inc., Gaithersburg, MD
(human, bovine, goat and chicken) and Zymed
Laboratories, Inc., Burlingame, CA (sheep). Op-
timal dilutions of the conjugates were deter-
mined in preliminary experiments by checker-
board titration with normal sera as positive con-
trols. Dilutions of the conjugates ranged from
1:800 for the sheep to 1:2,000 for the human.
Abdomens from unfed Cdex pipicns Linn. (El
Gabal strain, colony maintained at USAMRIID)
served as negative controls. Optimal specificity
of the conjugates was achieved by the addition
of a mixture of varying dilutions (1:500 to
1:2,000) of heterologous sera to the conjugate
solutions prior to application to the plate.
Direct ELISA.' Mosquito bloodmeal samples
were diluted 1:50 in PBS, and 50 pl volumes
were added to wells of U-shaped, polyvinyl chlo-
ride, 96-well microtiter plates (Dynatech Labo-
ratories, Inc., Alexandria, VA); plates were in-
cubated at room temperature (22'C) for 3 h.
After incubation, the plates were washed 3 times
with PBS containing 0.5% Tbeen 20 (PBS/TW-
20). Fifty pl of host-specific conjugate, diluted
in blocking buffer (PBS containing 0.5% boiled
casein, 0.025% Tbeen 20,0.0t% thimerosal, and
0.002% phenol red), was then added. Each spec-
imen was tested against a battery of the follow-
ing antibody conjugates: human, bovine, sheep,
goat and chicken. After a 1-h incubation at 22" C,
the plates were washed 5 times with PBS/TW-
20, and 100 pl of ABTS (2,2; pp -azino-di [3-
ethyl benzothiazoline sulfonate]) peroxidase
substrate (Kirkegaard and Perry Laboratories,
Inc.) was applied. After a frnal incubation of 30
min at 22"C, the plates were read spectropho-
tometrically (MR600 microplate reader, Dyna-
tech Laboratories, Inc.) at 410 nm. Positive and
negative controls were incorporated on every
plate. A sample was considered positive if its
absorbance value exceeded the mean plus 3
times the standard deviation of the negative
controls.
RESULTS
Of 62,055 mosquitoes identifred, L,3U (2.2%)
representing 25 species, had evidence of blood
in the abdomen. Ten species comprising 1,317
specimens (95% of the total) were selected for
inclusion in Table 1 and further analysis. The
remaining 67 (5% of the total) blood-fed speci-
St. Louls
Collection Sites
1. Dakar Bango
2. Ndialene
3. Rhor
4. Seneda
5. Fanaye Diery
6. Ndioum
7. Bode
8. Diongui
9. Ngoui
10. Fete Daabe
11. llatam
12. Yonolere
13. Dahra
14. Tatki
15. Dakar
16. Kedougou
SENEGAL vattectenboune
Fig. 1. Map of Senegal with mosquito collection sites.
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Table 1.. Bloodfeeding patterns of the 10 most common mosquitoes collected in COz-baited U.S. Army
miniature light traps in Senegal, 1988 (number in parenthesis is percent of samples tested).
Bloodmeal source
Species
Total
tested Human Bovine Sheep Goat Chicken Mult' NDO
Aedes hirsutus
Ae. ochrateus
Ae. su.danensis
Anophzlcs gambia.e s.L
An. plnroensis
Culex antenrntus
Cx. poicilipes
Cx. thnlassitn
C x,. tritoeninrhynchus
Cx. uniuittatus grottp
3 1  7 9(34.4) (7.8) (10)
3 2 2(2r.4) (14.3) (14.3)
6 - 6(23.1) (23.1)
n 1
I
(53.8) (7.7)
1 1  2 2
(30.6) (5.5) (5.5)
149 14 33
(2e.4) (2.8) (6.5)
1 6 6 1 2
(17.6) (6.6) (13.2)
t - 1
(4.3) (4.3)
r2r 38 88
(26.1) (8.2) (19)
1 3 6
(24.5) (11.3)
90
t4
26
13
36
507
91
23
464
AJ
20(22.2)
o(2r.4)
5(1e.2)
J(23.1)
5(13.e)
268(52.8)
27(2e.6)
13(56.5)
173(37.3)
J
(5.7)
l
(7.7)
(.6)
4
(4.4)
5
(2r.7)
I
(.2)
o
(5.7)
6
(6J)
1
(3.8)
I
(2.8)
8
(1.6)
2
(2.2)
(8.7)
10(2.r)
l7
(18.e)
4
(28.6)
8
(30.8)
I
(7.7)
15
(4L.7)
32
(6.3)
24
(26.4)
1
(4.3)
(7.1)
28
(52.8)
'Multiple feed.
o Bloodmeal not determined.
ffi (n = rw) uongut (n = 5z) Eode (n = &l) Fmrya DLry (n = 76)
sm
Fig. 4. Feeding preferences of Culcx antennntus at 4 collection sites where it was most commonly collected.
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